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ISSCR :: Public : Basics : FAQ 



EXHIBIT n D' 





Scientists 




The answers to the following questions were written and reviewed by a panel of scientists who specialize in 
stem cell research. Click on the question to go directly to the answer or scroll through the list to view the 
entire FAQ. 

Download a printable version of the ISSCR FAQ (204 KB PDF). 



What are stem cells? 
Where do stem cells come from? 
What are the potential uses of human stem cells? 

What are the obstacles that must be overcome before the potential uses of stem cells will be 
realized? 

What is a stem cell line? 
What is an embryonic stem cell? 
What is an adult stem cell? 

What is unique about stem cells from baby teeth or umbilical cords? 
Are some kinds of stem cells better than others? 
Do stem cells come from aborted fetuses? 
What diseases can be cured by using stem cells? 
Are stem cells currently used in therapiess today? 

What is the difference between therapeutic cloning and reproductive cloning? 
Why is stem cell research confused with cloning? 
What is somatic cell nuclear transfer? 
How are stem cells grown in the laboratory? 

What kinds of experiments have been done with stem cells and what still needs to be done? 
Can cord blood or stem cells be stored in a bank? 
What is regenerative medicine? 
How many human embryonic stem cell lines are there? 
Why is U.S. federal funding important for stem cell research? 
What is bioethics? 

Where can I get more information on stem cells? 
What information resources are available? 
Is there an age limit to egg donation for stem cell research? 

1. What are stem cells? 

Stem cells are the foundation cells for every organ, tissue and cell in the body. They are like a blank 
microchip that can ultimately be programmed to perform any number of specialized tasks. Stem cells are 
undifferentiated, "blank" cells that do not yet have a specific function. Under proper conditions, stem cells 
begin to develop into specialized tissues and organs. Additionally, stem cells are self-sustaining and can 
replicate themselves for long periods of time. 

These unique characteristics make stem cells very promising for supplying cells to treat debilitating 
diseases like Alzheimer's disease, cancer, Parkinson's disease, type-1 diabetes, spinal cord injury, stroke, 
burns, heart disease, osteoarthritis and rheumatoid arthritis. Today, donated organs and tissues are often 
used to replace those that are diseased or destroyed. Unfortunately, the number of people needing 
transplants far exceeds the number of organs available. Stem cells offer the potential for supplying cells and 
tissues, which can be used to treat these various diseases. 
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2. Where do stem cells come from? 

All human beings start their lives from a single cell, called the zygote, which is formed after fertilization. The 
zygote divides and forms two cells; each of those cells divides again, and so on. Pretty soon, about five 
days after conception, there is hollow ball of about 150 cells called the blastocyst. The blastocyst is smaller 
than a grain of sand and contains two types of cells, the trophoblast and the inner cell mass. Embryonic 
stem cells are the cells that make up the inner cell mass. As embryonic stem cells can form all cell types in 
an adult they are referred to as pluripotent stem cells. 

Stem cells can also be found in very small numbers in various tissues in the adult body. For example, bone 
marrow stem cells are found in the marrow of the bone and they give rise to ail specialized blood cell types. 
Adult stem cells are typically programmed to form different cell types of their own tissue; they are called 
multipotent stem cells. Adult stem cells have not yet been identified in all vital organs. In some tissues like 
the brain, although stem cells exist, they are not very active, and thus do not readily respond to cell injury or 
damage. Scientists are now also exploring ways in which they can induce the stem cells already present to 
grow and make the right cell types to replace the damaged ones. 

Stem cells can also be obtained from sources like the umbilical cord of a newborn baby. This is an 
accessible source of stem cells, compared to adult tissues like the brain and bone marrow. Although 
scientists can grow these cells in culture dishes, they can do so only for a limited time. Recently, scientists 
have discovered the existence of stem cells in baby teeth and in amniotic fluid-the 'Water bath" that 
surrounds an unborn baby- and these cells may also have the potential to form multiple cell types. Research 
to characterize and study these cells is very promising but at a very early stage. 

Back to top 



3. What are the potential uses of human stem cells? 

Most of the body's specialized cells cannot be replaced by natural processes if they are seriously damaged 
or diseased. Stem cells can be used to generate healthy and functioning specialized cells, which can then 
replace diseased or dysfunctional cells. 



Replacing diseased cells with healthy cells, called cell therapy, is similar to the process of organ 
transplantation only the treatment consists of transplanting cells instead of organs. Some conditions or 
injuries can be treated through transplantation of entire healthy organs, but there is an acute shortage of 
donors. Stem cells can serve as an alternate and renewable source for specialized cells. Currently, 
researchers are investigating the use of adult, fetal and embryonic stem cells as a resource for various, 
specialized cell types, such as nerve cells, muscle cells, blood cells and skin cells, that can be used to treat 
various diseases. 

For example, in Parkinson's disease, stem cells may be used to form a special kind of nerve cell, a kind that 
secretes dopamine. These nerve cells can theoretically be transplanted into a patient where they will re-wire 
the brain and restore function, thus treating the patient. 

Back to top 



4. What are the obstacles that must be overcome before the potential uses of stem cells will be 
realized? 

One of the first obstacles that must be overcome is the difficulty in identifying stem cells from adult tissues, 
which contain numerous mixtures of various cells. The process of identifying and growing the right kind of 
stem cell, usually a very rare cell in the adult tissue, involves painstaking research. 



Second, once stem cells are identified and isolated, the right conditions must be developed to cause these 
cells to differentiate into the specialized cells. This too will require a great deal of experimentation. 
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In general, embryonic and fetal stem cells are believed to be more versatile than adult stem cells. However, 
scientists are still working on developing proper conditions to differentiate embryonic stem cells into 
specialized cells. As embryonic stem cells grow very fast, scientists must be very careful in fully 
differentiating them into specialized cells. Otherwise, any remaining embryonic stem cells can grow 
uncontrolled and form tumors. 

Assuming that the above obstacles can be overcome, new issues arise when the specialized cells (grown 
from stem cells) are implanted into a person. The cells must be integrated into the patient's own tissues and 
organs and "learn" to function in concert with the body's natural cells. Cardiac cells that beat in a cell 
culture, for example, may not beat in rhythm with a patient's own heart cells. And neurons injected into a 
damaged brain must become "wired into" the brain's intricate network of cells and their connections in order 
to work properly. 

Yet another challenge is the phenomenon of tissue rejection. Just as in organ transplants, the body's 
immune cells will recognize transplanted cells as "foreign," setting off an immune reaction that could cause 
the transplant to fail and possibly endanger the patient. Cell recipients would have to take drugs to 
temporarily suppress their immune systems, which in itself could be dangerous. 

Thus, research on stem cells and their applications to treat various diseases is still at a preliminary stage. 
However, results from animal models are very promising and many researchers believe that it is only a 
matter of time before the same results can be achieved with human stem cells. 

Back to top 



5. What is a stem cell line? 

A stem cell line is composed of a population of cells that can replicate themselves for long periods of time in 
vitro, meaning out of the body. These cell lines are grown in incubators with specialized growth factor- 
containing media, at a temperature and oxygen/carbon dioxide mixture resembling that found in the 
mammalian body. 

Embryonic stem cell lines, both human and mouse, can be grown indefinitely in vitro if the correct conditions 
are met Importantly, these cells continue to retain their ability to form different, specialized cell types once 
they are removed from the special conditions that keep them in an undifferentiated, or unspecialized, state. 

A limited number of human embryonic stem cell lines have been approved for use by scientists receiving 
federal funds in the United States. In August 2001, President Bush mandated that if scientists were using 
federal funds, research could only be conducted on the cell lines that were already in existence, grown from 
fertilized eggs that were to be discarded at in vitro fertilization clinics. 

This regulation stated that no additional human stem cell lines could be generated from additional 
blastocysts. In the long term, this will place severe restrictions on the scientific process in this field and will 
limit the ability of scientists to compare the potential of human embryonic stem cell lines for tissue repair, to 
that which can be accomplished from other sources, such as adult stem cells. 

Back to top 



6. What is an embryonic stem cell? 

Embryonic stem cells are derived from the cells that make up the inner cell mass of the blastocyst Both 
mouse and human embryonic stem cell lines exist Mouse embryonic stem cells are capable of generating 
any and all cells in the body, under the right conditions. Therefore, they are said to be pluripotent and have 
unlimited potential as far as growth and differentiation. The cells divide continuously in tissue culture dishes 
in an incubator, but at the same time maintain the ability to generate any cell type when placed into the 
correct environment to cause their differentiation. 

Human embryonic stem cell lines are currently being studied and several research teams are working to 
determine whether or not they possess the same properties as mouse embryonic stem cells. Because 
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human embryonic stem cells were isolated relatively recently, and therefore we know less about them, it is 
currently more difficult to work with human systems than mouse. However, scientists are making remarkable 
progress that could ultimately lead to therapies to replace or restore damaged tissues using these human 



Back to top 



7. What is an adult stem cell? 

Adult stem cells are distinct from cells isolated from embryos or fetuses and are found in tissues that have 
already developed, as in animals or humans after birth. These cells can be isolated from many tissues, 
including brain. However, the most common place to obtain these cells is from the bone marrow that is 
located in the center of some bones. The marrow is harvested from human donors at the iliac crest (the 
back of the upper hip bone), 

There are different types of stem cells found in the bone marrow, including hematopoietic stem cells, 
endothelial stem cells, and mesenchymal stem cells. It has long been known that hematopoietic stem cells 
form blood, endothelial stem cells form the vascular system (arteries and veins), and mesenchymal stem 
cells form bone, cartilage, muscle, fat, and fibroblasts. 

Recently a theory of "stem cell plasticity" has been put forth, which suggests that some adult stem cells may 
have a broader potential to form different cell types than was previously suspected. That means cells from 
the bone marrow, originally thought to be purely blood-forming cells, may contribute to regeneration of 
damaged livers, kidneys, hearts, lungs and other organs. 

Although this field is extremely exciting, it is highly controversial in the scientific community and needs 
additional carefully documented research to understand the full potential of the adult stem cells, and in 
particular how they compare to embryonic stem cells. 

Back to top 



8. What is unique about stem cells from baby teeth or umbilical cords? 

Stem cells from umbilical cord blood or the pulp under baby teeth are 'Younger" stem cells than those 
obtained from adults. They are able to divide for longer times in cell cultures than most adult stem cells, and 
may give rise to different tissues. Their potential to form many different cell types is currently being 
explored. 

Umbilical cord blood stem cells are used for stem cell transplantation to reconstitute blood cell formation 
(the hematopoietic system) in patients that have been irradiated or treated with specific drugs for cancer or 
leukemia. Also, in some genetic diseases, where patients have a problem forming normal blood cells, a 
transplantation of matched umbilical cord blood cells can give them a new blood-forming system. 

The new cells are infused into the vein of the patient and then they are able to find their way into the bone 
marrow, in a process called "stem cell homing." 

Back to top 



9. Are some kinds of stem cells better than others? 

The field of stem cell research involves the study of these cells for many reasons. Some scientists are 
examining stem cells to better understand the process of development to learn how specific cell types and 
specific tissues and organs are formed. Some scientists are looking at stem cells to understand what goes 
wrong in cells to cause various diseases. For these purposes, valuable information can be gained by 
studying any of the stem cell types that are currently available. 

The most publicized use for stem cells, however, is their ability to form different types of cells that can be 
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used to restore or replace damaged tissue in patients with disease or injury. From studies using mice, it was 
found that mouse embryonic stem cells could contribute to every tissue in the adult mouse. It is believed 
that human embryonic stem cells have this property, and are called pluripotent stem cells. Scientists now 
need to compare human embryonic stem cell lines for their potential in tissue repair to that which can be 
accomplished from adult stem cells. 

Currently, it is not clear whether stem cells from adult tissues or umbilical cord blood are pluripotent. The 
comparison of human embryonic stem cells to adult stem cells is currently a very active area in research, 
and one that will hopefully lead to cures for tissue degenerative diseases in the future. 
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10. Do stem cells come from aborted fetuses? 

One potential source of stem cells comes from early fetal tissue recovered during a narrow window of 
development. In development, an embryo is called a fetus at about 7-8 weeks following fertilization. At about 
4-5 weeks of development, embryonic germ cells, the precursors to the egg and sperm cells, are found in 
the developing ovary or testis, structures only about 2 mm long. 

In 1998, the isolation, culture and partial characterization of embryonic germ cells were reported. The cells 
were derived from human aborted tissue. When isolated and cultured, these germ cells were shown to have 
properties similar to stem cells isolated from the inner cell mass of blastocysts. 

However, some evidence has suggested that embryonic germ cells may be more limited in their ability to 
become many different cell types because they are isolated from tissue that is further along in development 
(several weeks as opposed to only 4-5 days). More research will be required to understand the properties 
and behavior of these cells to determine their usefulness for future cell therapies. Because of various 
discrepancies in federal regulations, stem cells taken from fetuses are subject to different rules that stem 
cells derived from embryos. 

Back to top 



11. What diseases can be cured by using stem cells? 

The most promising use of stem cells is due to their ability to be modified into different functional adult cell 
types and serve as a potential source of replacement cells to treat numerous diseases. Thus, any disease in 
which there is tissue degeneration can be a potential candidate for stem cell therapies, including conditions 
and disabilities as Parkinson's and Alzheimer's diseases, spinal cord injury, stroke, burns, heart disease, 
Type 1 diabetes, osteoarthritis, rheumatoid arthritis, muscular dystrophies and liver diseases. 




In addition, retinal regeneration with stem cells isolated from the eyes can lead to a possible cure for 
damaged or diseased eyes and may one day help reverse blindness. Hair stem cells have also been 
isolated and could help people with hair loss by allowing hair cell regeneration. 

Embryonic stem cells, which can form all types of functional adult cells, provide the hope that one day such 
cells can produce the cells or tissues to grow entire hearts, liver and even kidneys, thus solving the problem 
of the shortfall of organ donors. 

Adult stem cell replacement, through bone marrow transplantation with a matched donor, has been a well- 
established treatment for blood cancers and other blood disorders. However, significant toxicity and donor 
availability limit this approach to a minority of affected individuals. It is hoped that genetic alteration a 
patient's own bone marrow stem cells, and subsequent transplantation, will provide a viable alternative; 
however, these techniques for genetic manipulation must be improved before this is ready for clinical 
application. 

Recently, new possibilities for the use of adult stem cells have emerged when researchers showed that cells 
from the bone marrow can give rise to specialized cells in a variety of tissues as different as blood, brain, 
muscle, kidney, pancreas and liver. One can imagine that one day, we will be able to isolate our own bone 
marrow cells, treat them and reintroduce them back into the body to renew or repair cells in a number of 
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different organs. 
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12. Are stem cells currently used in therapies today? 

Hematopoietic stem cells (HSCs), present in the bone marrow and precursors to all blood cells, are 
currently the only type of stem cells commonly used for therapy. Doctors have been transferring HSCs in 
bone marrow transplants for more than 40 years. Advanced techniques for collecting or "harvesting" HSCs 
are now used to treat leukemia, lymphoma and several inherited blood disorders. 

The clinical potential of stem cells has also been demonstrated in the treatment of other human diseases, 
including diabetes and advanced kidney cancer. However, these new therapies have been offered only to a 
very limited number of patients using adult stem cells. 

New clinical applications for stem cells are currently being tested therapeutically for the treatment of liver 
diseases, coronary diseases, autoimmune and metabolic disorders (amyloidosis), chronic inflammatory 
diseases (lupus) and other advanced cancers. 

Back to top 



13. What is the difference between therapeutic cloning and reproductive cloning? 

Reproductive cloning is the process by which an embryo is created by nuclear transfer and implanted into a 
surrogate mother in the hope of bringing it to term. Therapeutic cloning is the process by which an embryo 
is created through nuclear transfer in order to obtain stem cells from it for therapeutic purposes. 

Reproductive cloning means creating a new individual from a single cell by replacing the nucleus in an egg 
cell with the nucleus (containing the genetic material) from another cell of the body. The cloned egg cell 
grows and develops into an embryo. The embryo is implanted inside a surrogate mother's womb to mature 
and produce a viable fetus. After birth the clone would, in theory, be the genetic copy of the adult whose 
nucleus was used for cloning. Reproductive cloning performed in animals is burdened by many technical 
and biological problems. Only about 1 percent of all the eggs that receive donor DNA can develop into 
normal surviving clones. In addition, the clones that survive often present many health problems. 

Therapeutic cloning uses cloning technology to develop stem cells for research, and ultimately for therapy. 
The nucleus of the egg cell is replaced with the nucleus of another cell from the body and the egg cell is 
allowed to grow for about 4-5 days and develop to the blastocyst stage. The inner cell mass of the 
blastocyst is then removed and used for the creation of an embryonic stem cell line that has the genetic 
makeup of the donated nucleus. The goal of therapeutic cloning is to produce human stem cells, and 
subsequent tissues and organs, which can be used to replace damaged tissue. It is an application of the 
cloning technology which does not result in the production of genetically identical fetuses. One of the major 
problems facing the widespread use of this stem cell therapy is the fact that the transplanted cells, or 
tissues, are likely to be rejected by the patient's immune system. Therapeutic cloning would allow the 
production of cells and tissues matching each individual patient because the donated nucleus would come 
from the patient. Thus, the cells would genetically match the patient and would not elicit rejection when they 
are transplanted into the patient. 

There continue to be great differences in the way countries around the world regulate human cloning and 
related technologies. For instance, it appears to be well accepted that a distinction must be made between 
the application of cloning techniques to the replication of a person, and the application of cloning techniques 
to the creation of tissues and cell lines with the aim of developing therapies. The use of cloning techniques 
for reproductive purposes has brought international condemnation and there appears to be a consensus 
against reproductive cloning. 
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14. Why is stem cell research confused with cloning? 

Stem cell research is often confused with cloning because both areas involve the use of embryonic cells. 
The public and the media often equate "cloning" with the manipulation of embryonic cells to produce an 
organism, and stem cell research was first brought to the spot light when human stem cells were isolated 
from human "embryonic tissues". Both fields got even more confused when the term therapeutic cloning 
was introduced as a means to produce embryonic stem cells. But stem cell research does not always 
involve embryonic stem cells. 

While reproductive cloning (the production of a whole new individual from one original cell by cloning 
technology) and therapeutic cloning (the use of cloning for the isolation of stem cells) both use techniques 
involving embryos, stem cell research involves the use of several different types of cells besides embryonic 
stem cells, such as adult stem cells from humans or animals, or stem cells from fetuses, umbilical cord or 
amniotic fluid. 

Thus, a clear line should be drawn between cloning for the production of a cell or organism with the same 
nuclear genome as another cell or organism and stem cell research, which is based on the isolation of adult 
and embryonic stem cells in order to find cures for many degenerative diseases. 
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15. What is somatic cell nuclear transfer? 

Somatic cell nuclear transfer, also called SCNT, is a technique in which the nucleus of a somatic cell (any 
cell of the body except sperm cells and egg cells) is injected, or transplanted, into an egg, that has had its 
nucleus removed. If the new egg is then implanted into the womb of an animal, an individual will be born 
that is a clone. The clone has the identical genetic material as the somatic cell that was transplanted 
because the nucleus that carries the genetic material. 

This procedure is very inefficient and was first developed for agricultural purposes. However, in human 
medicine, this technique can be used to isolate embryonic stem cells from eggs that undergo nuclear 
transplantation. When the somatic cell is supplied from the cells of a person, the stem cells isolated from the 
developing eggs can be used to make a tissue that will not be rejected by that person, because they have 
the same genetic material. In this way, 'customized' embryonic stem cells could be made for everyone who 
needed them. 

Back to top 



16. How are stem cells grown in the laboratory? 

Stem cells are generally grown in culture dishes in incubators at body temperature (37°C) under high 
humidity. Because there are many different types of stem cells, the components of the culture solutions for 
each type of stem cell, are different. The challenge for scientists is to grow enough stem cells in an 
undifferentiated state, that is without having them differentiate into more specialized cell types, and also to 
learn how to make the cells differentiate into specialized cells, when that becomes necessary. 

Human embryonic stem cells can be grown as small colonies on layers of skin cells in the presence of 
serum from the blood. The skin cells are known as "feeder cells" and together with the serum, provide 
unknown factors that nourish and support the embryonic stem cells in their undifferentiated state. When the 
colonies of embryonic stem cells grow too big for their culture dishes, they are divided into smaller colonies, 
or single cells, and transferred into new culture dishes. The cells then continue to grow. This transfer 
process, known as "passaging", can theoretically be repeated indefinitely. 

Hematopoietic stem cells can be derived from either bone marrow, placenta or umbilical cord blood. It is 
currently very difficult to grow hematopoietic stem cells in culture, as they tend to differentiate into more 
advanced cell types very quickly. Therefore, hematopoietic stem cells are not generally grown in culture. 

Human mesenchymal stem cells, or bone marrow stromal stem cells, are isolated from the bone marrow 
and grown in culture media supplemented with serum from the blood. Mesenchymal stem cells attach to the 
plastic on the bottom of the culture dishes and can grow for several weeks before they will differentiate into 
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other cell types. 

Human neural stem cells can grow from fetal or adult brain tissue in culture media. They grow in 
suspension, meaning they do not attach to a culture dish, and they do not need serum from blood. In 
culture, one single neural stem cell can divide to make more cells that together form a round hollow 
structure known as a neurosphere. Neurospheres continue to grow in culture and when they get too big, are 
disaggregated into single cells. 

These single cells are a mixed population of neural stem cells and more mature cells. The neural stem cells 
can be selected from this mixed population and once again grown into round and hollow neurospheres. This 
process of disaggregation and neurosphere formation can be repeated several times. Eventually all the 
neural stem cells differentiate into more mature cells. 
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17. What kinds of experiments have been done with stem cells and what still needs to be done? 

Mouse embryonic stem cells were first described in 1981. The most common types of experiments 
performed have been to genetically manipulate the DNA within the mouse embryonic stem cells. These 
experiments have provided a large amount of information on the role that different genes play during mouse 
development, the formation of different tissues and their role in the adult mouse. 

Further, it has been known for years that under the right conditions, mouse embryonic stem cells can 
contribute to every tissue in the body of the mouse. Experiments that uncovered this phenomenon were 
conducted by putting mouse embryonic stem cells into a fertilized mouse egg at the blastocyst stage, and 
examining the mouse that is subsequently generated. 

These types of experiments cannot be done with human tissues, thus the potential for human embryonic 
stem cells must be studied in different ways. The human embryonic stem cells can be studied in vitro (in cell 
culture conditions) or in special mice that are immune deficient, meaning they will not reject cells from a 
different species. 

Human embryonic stem cells were first described in 1998. The lessons learned from working with mouse 
embryonic stem cells are rapidly being transferred to human embryonic stem cell systems. Scientists are 
working hard to understand the properties of these cells and to understand the mechanisms that regulate 
their differentiation into adult cell types. In addition, many researchers are using these cells to set up models 
to study early human development and also to provide genetic and cell-based therapies for disease. 

To this end, it is hoped to better understand the causes of fetal malformations so they can be treated. It is 
also hoped that one day we will be able to produce cells in dishes, such as heart, pancreas or brain cells, to 
replace genetically faulty tissue or tissue damaged as a result of heart attacks, diabetes, spinal cord 
disorders and Parkinson's disease. 

Cell transplantation experiments using mouse models for each of these disorders have been conducted with 
mouse embryonic stem cells and, in some cases, with human embryonic stem cells. Although it is still in its 
early days, promising results are emerging. 

Hematopoietic stem cells are routinely transplanted following irradiation therapies to treat patients with 
cancer. Irradiation can destroy the cancer cells, but it also destroys the body's hematopoietic stem cells of 
the bone marrow leaving the patient without an effective immune system. 

In these cases, after irradiation therapy is complete, donor hematopoietic stem cells are transplanted back 
to the bone marrow to restore the patient's immune system. Experiments involving the transplantation of 
hematopoietic stem cells to sick fetuses during pregnancy have also been undertaken. These fetuses are 
generally detected to have genetic defects of their own hematopoietic stem cells. These experiments have 
been met with some success for the treatment of babies who would have otherwise suffered a range of 
immunodeficiency disorders, thalassemias and inborn errors of metabolism. 



Fetal neural stem cell derivatives have been transplanted to replace damaged cells in experiments aimed at 
controlling the symptoms of Parkinson's disease. These experiments have been similarly met with some 
success. Experiments injecting stem cells found in mouse blood vessel walls back into the blood vessels of 
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muscles have been successful in replacing muscle fibers and returning movement to mice with muscle 
disorders. Mesenchymal stem cells have proven effective in treating mice with genetic liver disease. 

Some of the primary experiments that still remain to be performed include those aimed at understanding the 
factors required to make embryonic stem cells differentiate into the desired cell types; those to understand 
how to increase the number of stem cells that are accepted by the patient at the correct location in the body 
during disease; those to reduce host resistance to the new stem cells; and those experiments to ensure that 
the new stem cells correctly integrate in the body to restore the proper function to the damaged tissue. 

Back to top 



18. Can cord blood or stem cells be stored in a bank? 

Human cord blood, neural stem cells and human embryonic stem cell banks have been established in 
various countries and are currently being expanded. Cord blood, like bone marrow, is stored as a source of 
hematopoietic stem cells for the treatment of specific genetic and acquired diseases in allogeneic stem-cell 
transplantation therapies. 

Neural stem cells, which are derived from aborted fetuses, are stored in banks for the potential treatment of 
brain specific diseases. Embryonic stem cell banks have also been established for the potential treatment of 
a wide variety of genetic and acquired diseases, ranging from neural to blood to pancreatic to heart to skin. 

Prior to banking, quality control procedures check for. chromosomal abnormalities, the ability of the stem 
cells to undergo the freeze-thawing processes, the immune compatibility of the stem cells with paitients 
potentially requiring the cells, the presence of viruses within the stem cells that may cause disease, the 
ability of the stem cells to give rise to the required adult cell types when required, and the ability of the stem 
cell numbers to be increased to useful amounts. 

Back to top 



19. What is regenerative medicine? 

The goal of regenerative medicine is to repair organs or tissues that are damaged by disease, aging or 
trauma, so that function can be restored, or at least improved. Using this definition, most medical acts can 
be considered "regenerative," except those that are aimed at prevention of disease such as vaccination. 

The term regenerative medicine is used nowadays to describe medical acts, treatments and research that 
use stem cells (either adult or embryonic) to restore the function of organs or tissues. This can be achieved 
in different ways; first, by administering stem cells, or specific cells that are derived from stem cells in the 
laboratory; or second, by administering drugs that coax stem cells that are already present in tissues to 
more efficiently repair the involved tissue. 

Currently, the only routinely applied medical practice using stem cells is for bone marrow transplantation. 
The use of human embryonic stem cells for therapy is still in its developing stages, but is showing promising 
experimental results. 

Back to top 
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20. How many human embryonic stem cell lines are there? 

The available number of human embryonic stem cell lines is a matter of some debate. To date, over 100 
human embryonic stem cell lines have been derived worldwide. However, most of those lines are not 
adequately characterized yet And only 22 cell lines are eligible for federal funding in the USA. Detailed 
information on those 22 cell lines can be found at the National Institutes of Health Human Stem Cell 
Registry at http://stemcells.nih.gov. Information on several of the other cell lines can be found at http://www, 
isscr.org/science/sclines.htm. 
-updated 09.17.04 
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21. Why is U.S. federal funding important for stem cell research? 

Federal funding for research involving mouse embryonic stem cells and adult stem cells (both mouse and 
human) is currently available and is not restricted. However, federal funding for research involving human 
embryonic stem cells is limited to research involving only those cell lines that were approved by the Bush 
administration in August 2001. In contrast, no restrictions in the type of research that can be performed with 
private funds are in place. There are several reasons why these limitations are problematic. 

In the United States, the National Institutes of Health (NIH) provides the greatest amount of federal funding 
to scientists on a competitive basis, and holds a long-term perspective on biomedical research, where profit 
is irrelevant and the progress of science for the benefit of public health is critical. The limited amount of 
funding from private sources will be unable to keep pace with the needs of the stem cell research 
community. Less restricted availability of federal funds for human embryonic stem cell research would 
certainly accelerate progress in this field, and improve the health of the American people in the long-term. 

As the regulations now stand, any scientist receiving federal funds is precluded from generating additional 
human embryonic stem cell lines. It is still not clear to what extent the data obtained with the limited set of 
cell lines now available, can be generalized to the whole human population, especially given the known 
variability among different mouse embryonic stem cell lines. In addition, the development of efficient ways to 
generate new cell lines will likely be necessary if embryonic stem cells are ever to be used for therapies. 

Although the private sector can conduct research to generate new cell lines, this can lead to several 
problems. One is that, because of intellectual property issues, the dissemination of knowledge may be 
slower when the most cutting edge research is done in private companies. The results of any research 
performed with private funds would be out of public control, and when knowledge is not in the public 
domain, progress can be slowed. 

A second problem is that private companies need to benefit from their investments and at some point, make 
a profit. Historically, if profit is deemed unlikely, research can be stopped no matter how important it may be 
for public health or for the progress of science. 

It should be pointed out that research on human embryonic stem cells may not only lead to novel therapies 
for diseases that are currently difficult or impossible to treat but also to novel insights into human 
development and into the nature of our species that could never be obtained from work with experimental 
animals. This type of fundamental scientific inquiry has generally been funded through the extensive federal 
government grants program. 
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22. What is bioethics? 

Bioethics, or medical ethics, is the study of the moral and ethical issues in the fields of scientific research, 
medical treatment or, more generally, in the life sciences. With advancing technology and modern 
innovations, new and exciting insights are being gained for many scientific processes and diseases, but at 
the same time, new questions of medical ethics continually arise. 

In the context of reproductive medicine, the ethical issues focus on the rights of individuals to control their 
bodies or to control the use embryos that are created from their cells. The use of human embryos to isolate 
stem cells for research and future cell therapy techniques has fueled ethical and public policy debates about 
the moral status of human embryos and their appropriate use. 

Transplantation or research conducted with tissues or organs from aborted fetuses has led to disputes 
regarding the acceptability of using such tissue. 

Cloning animals to produce genetically identical offspring, such as Dolly the sheep, has led many to 
consider that human cloning may follow and subsequently, has spurred debates about the ethics of creating 
human clones with the possibility of manipulating specific traits in offspring. 
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The ethical issues in these areas of research and medicine are still being debated and remain unresolved. 
They will continue to challenge the scientific, medical and bioethics communities for many years. 

Back to top 



23, Where can I get more information on stem cells? 

The Internet provides an excellent source of information on stem cells as well as the current research and 
clinical studies that are being undertaken. Below is a partial list of some valuable sites: 

• The ISSCR Web site, http://www.isscr.org, has valuable information and publishes a newsletter with 
important information for scientists working in the field. 

• The National Institutes of Health Web site has information on stem cells for the public, for scientists 
and on federal policies. 

• Internationally, the Stem Cell Network in Canada also provides some excellent information. 

• Stem Cell Research News provides information including an excellent list of stem cell related news 
articles. 

• The Coalition for the Advancement of Medical Research (CAMR) Web site has information on 
advocacy in the areas of stem cell research and therapeutic cloning. 

• A Web site that provides the clinical studies being conducted in the stem cell area can be found at 
http://www.clinicaltrials.gov. 

• 

Also see the ISSCR Sites of Interest page for a comprehensive listing of stem cell related Web sites. 
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24. What other information resources are available? 

Try these resources for answers to your questions: 



ISSCR Glossary 

NIH Backgrounder on Stem Cells 
Stem Cell Basics 

Embryonic Stem Cell Basics from the University of Wisconsin-Madison 
Center for Genetics and Society Stem Cell Glossary 
NIH Stem Cell Information 
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25. Is there an age limit to egg donation for stem cell research? 



Human egg donation for stem cell research is an entirely new practice still in the pioneering stages. While 
appearing frequently in the press, nuclear transfer to derive stem cells (formerly called therapeutic cloning) 
is still uncharted research frontier territory and not much is known yet. 

In humans, a woman's life supply of eggs is present from birth, and during the woman's lifetime mutations 
accumulate in the DNA of the eggs. Thus, overtime, the quality of the eggs declines and risks of genetic 
defects and developmental abnormalities in fetuses increase significantly. Natural pregnancies in women 
over 35-40 years old are therefore considered risky. For fertility treatments there is a similar time limit. After 
the age of 40, egg quality and yield in IVF treatments decline. 

However, because eggs donated for stem cell research are enucleated (that is, their DNA is removed) and 
donor DNA is introduced before stem cells are derived, the age of the egg should not matter. The egg can 
be simply seen as an incubator for the donor DNA to produce stem cells similar to the DNA donor. However, 
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there is some indication that eggs from older women have problems with some of the molecules in the 
cytoplasm of the cells (the part of cells between the outer membrane and the nucleus) that are critical for 
fertilization and early development. This may affect development of the egg to the blastocyst stage and thus 
affect derivation of stem cells. As there are not many studies on this yet it is not known at this point if the 
age of the egg matters or not. 

Nonetheless, unlike blood donation, egg donation is a far more involved and invasive process, including 
very strong hormone treatments to induce super ovulation. The procedure is similar to that which a woman 
undergoes for IVF treatment, short of fertilization and implantation of the eggs. 

Moreover, human egg freezing is still very experimental and it is not known how well eggs can be frozen 
and then thawed, without loosing their quality for derivation of stem cells. For example, in fertility treatments, 
the freezing of unfertilized eggs reduces the later embryo yield. The reasons for this are currently unknown 
and may not affect stem cell derivation at all. But, potential egg donation would need to take place in a 
setting located close to a research laboratory equipped for nuclear transfer, in order to immediately start the 
process of stem cell derivation on fresh eggs. 

Back to top 
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Glossary of Stem Cell-Related Terms 

The following is a glossary of some stem cell-related terms provided for your 
convenience. Click a specific word in the list below or scroll through the 
alphabetized entries. 

If a word is missing, contact Suzanne Kadereit at skadereit@enders.tch.harvard.edu to 
have it added to the list. 

Also see the Stem Cell FAQ for answers to frequently asked questions on stem cell 
research. 

See a printable version of the ISSCR Glossary. 



Adult stem cells 
Allogeneic transplantation 
Autologous transplantation 
Blastocyst 

Bone marrow stromal cell 

Cell fine 

Cell type 

Cloning 

Cytoplasm 

Differentiation 

Ectoderm 

Embryo 

Embryoid bodies 
Embryonic germline cells 
Embryonic stem cell 
Endoderm 
Fetus 

Germ layers 

Hematopoietic stem cells 



Hematopoietic cell transplantation 
Heterologous 
Histocompatible 
Homologous 

Homologous recombination 

Human embryonic stem cell 

Inner cell mass 

In vitro fertilization 

Mesemchymal stem cell 

Mesoderm 

Morphology 

Multipotent stem cells 

Neural stem cell 

Nucleus 

Oligopotent progenitor cells 

Parthenogenesis 

Plasticity 

Phenotype 



Pluripotent stem cells 
Post-implantation embryo 
Pre-implantation embryos 
Progenitor cell 
Regenerative medicine 
Reproductive cloning 
Somatic cells 

Somatic cell nuclear transfer 
Stem cells 
Therapeutic cloning 
Totipotent stem cells 
Transdifferentiation 
Transplantation biology 
Trophoblast 

Umbilical cord stem cells 
Unipotent stem cells 
Zygote 



Adult stem ceils 

Stem cells found in different tissues of the developed, adult organism that remain in an 
undifferentiated, or unspedalized, state. These stem cells can give rise to specialized 
cell types of the tissue from which they came, i.e., a heart stem cell can give rise to a 
functional heart muscle cell, but it is still unclear whether they can give rise to all 
different cell types of the body. 

Allogeneic transplantation 

Cell, tissue or organ transplants from one member of a species to a genetically different 
member of the same species. 

Autologous transplantation 

Cell, tissue or organ transplants from one individual back to the same individual. Such 
transplants do not induce an immune response and are not rejected. 

Back to top 
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Blastocyst 

A very early embryo consisting of approximately 150 cells. The blastocyst is a spherical 
cell mass produced by cleavage of the zygote (fertilized egg). It contains a fluid-filled 
cavity, a cluster of cells called the inner cell mass (from which embryonic stem cells are 
derived) and an outer layer of cells called the trophoblast (that forms the placenta). 

Bone marrow stromal cell 

Also known as mesenchymal stem cells, bone marrow stromal cells are a mixed 
population of cells derived from the non-blood forming fraction of bone marrow. Bone 
marrow stromal cells are capable of growth and differentiation into a number of different 
cell types including bone, cartilage and fat. 

Back to top 

Cell line 

Cells that can be maintained and grown in culture and display an immortal or indefinite 
life span. 

Cell type 

A specific subset of cells within the body, defined by their appearance, location and 
function. 

i) adipocyte: the functional cell type of fat, or adipose tissue, that is 
found throughout the body, particularly under the skin. Adipocytes store 
and synthesize fat for energy, thermal regulation and cushioning against 
mechanical shock 

ii) cardiomyocytes: the functional muscle cell type of the heart that 
allows it to beat continuously and rhythmically 

iii) chondrocyte: the functional cell type that makes cartilage for joints, 
ear canals, trachea, epiglottis, larynx, the discs between vertebrae and 
the ends of ribs 

iv) fibroblast a connective or support cell found within most tissues of 
the body. Fibroblasts provide an instructive support scaffold to help the 
functional cell types of a specific organ perform correctly. 

v) hepatocyte: the functional cell type of the liver that makes enzymes 
for detoxifying metabolic waste, destroying red blood cells and reclaiming 
their constituents, and the synthesis of proteins for the blood plasma 

vi) hematopoietic cell: the functional cell type that makes blood. 
Hematopoietic cells are found within the bone marrow of adults. In the 
fetus, hematopoietic cells are found within the liver, spleen, bone marrow 
and support tissues surrounding the fe tus in the womb. 

vii) myocyte: the functional cell type of muscles 

viii) neuron: the functional cell type of the brain that is specialized in 
conducting impulses 

ix) osteoblast the functional cell type responsible for making bone 

x) islet cell: the functional cell of the pancreas that is responsible for 
secreting insulin, glucogon, gastrin and somatostatin. Together, these 
molecules regulate a number of processes including carbohydrate and 
fat metabolism, blood glucose levels and acid secretions into the 
stomach. 

Cloning 

The process in which an organism produces one or more genetically alike copies of 
itself by asexual means. Cloning may occur by propagation of cuttings, as in the case of 
plants; continual budding, as in the case of hydra; fission, as in the case of bacteria and 
protozoa; parthenogenic asexual reproduction as in the case of aphids; or somatic cell 
nuclear transfer, as in the case of higher order animals such as mammals. The term 
cloning can also be applied to a group of cells undergoing replication by repetitive 
mitoses (cell divisions). 

Also see entries for Reproductive cloning and Therapeutic cloning below. 
Cytoplasm 

The part of the cell not including the nucleus. 
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Differentiation 

The process of development with an increase in the level of organization or complexity 
of a cell or tissue, accompanied with a more specialized function. 




Back to top 

Ectoderm 

The outer of three germ layers of the early embryo that gives rise in later development to 
the skin, cells of the amnion and chorion, nervous system, enamel of the teeth, lens of 
the eye and neural crest. 

Embryo 

The product of a fertilized egg, from the zygote until the fetal stage. 
Embryoid bodies 

Spheroid colonies seen in culture produced by the growth of embryonic stem cells in 
suspension. Embryoid bodies are of mixed cell types, and the distribution and timing of 
the appearance of specific cell types corresponds to that observed within the embryo. 

Embryonic germline cells 

Embryonic germline cells, also called EG cells, are pluripotent stem cells derived from 
the primitive germline cells (those cells that give rise to eggs and sperm). Their 
properties are similar to those of embryonic stem cells. 

Embryonic stem cell 

Also called ES cells, embryonic stem cells are cells derived from the inner cell mass of 
developing blastocysts. An ES cell is self-renewing (can replicate itself), pluripotent (can 
form all cell types found in the body) and theoretically is immortal. 

Endoderm 

The inner of three germ layers of the early embryo that gives rise in later development to 
tissues such as the lungs, the intestine, the liver and the pancreas. 
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Fetus 

The stage in development from the end of the embryonic stage, 7-8 weeks after 
fertilization, to developed organism that ends at birth. 

Back to top 

Germ layers 

The three germ layers are the endoderm, mesoderm and ectoderm and are the three 
precursory tissue layers of the early, primitive embryo (which form at approximately two 
weeks in the human) that give rise to all tissues of the body. 

Back to top 

Hematopoietic stem cells 

The precursors of mature blood cells that are defined by their ability to replace the bone 
marrow system following its obliteration (for example, by g-irradiation) and can continue 
to produce mature blood cells. 

Hematopoietic cell transplantation 

The transplantation of hematopoietic stem cells with blood-forming potential. 
Hematopoietic stem cells provide rapid and sustained reconstitution of blood formation 
and are found in adult bone marrow, umbilical cord blood, peripheral blood and in fetal 
liver. 
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Heterologous 

Not homologous or uniform. In the context of cells, heterologous Is a mixed or divergent 
cell population or of a divergent origin. 

Histocompatible 

A tissue or organ from a donor (the person giving the organ or tissue) that will not be 
rejected by the recipient (the patient in whom the tissue or organ is transplanted). 
Rejection is caused because the immune system of the recipient sees the transplanted 
organ or tissue as foreign and tries to destroy it Tissues from most people are not 
histocompatible with other people. In siblings, the probability of histocompatibility is 
higher, while identical twins are almost always histocompatible. 



Homologous 

Similar or uniform, often used in the context of genes and DNA sequences. In the 
context of stem cells, the term homologous recombination is a technique used to disable 
a gene in embryonic stem cells. 

Homologous recombination 

A technique used to inactivate a gene and determine its function in a living animal. The 
process of homologous recombination is more efficient in embryonic stem cells than in 
other cell types. It is achieved by introducing a stretch of DNA that is similar or identical 
(homologous) to part of a gene and to some of the DNA surrounding the gene, but 
different (not homologous) to a specific section of the gene. The DNA is then introduced 
into the stem cells and the stretch of homologous DNA will recognize the similar 
sequences of the gene within the cell, and replace it. But the cell is then left with a piece 
of DNA in the gene that has the wrong sequence and this interrupts the function of the 
gene. The gene is then said to be knocked out From these embryonic stem cells, an 
entire mouse can be made by injecting the altered stem cells into a blastocyst and 
implanting the blastocyst into a female mouse. This is one way to make genetically 
manipulated mice and other animals with altered gene function. These experiments are 
crucial to understand how specific genes work and interact in living animals. 

Human embryonic stem cell 

A stem cell that is derived from the inner cell mass of a blastocyst and can differentiate 
into several tissue types in a dish. They are similar to embryonic stem cells from the 
mouse; however, in the mouse, it is possible to inject those cells into a blastocyst, to 
make a new mouse, while this is not, and should not, be possible in humans for ethical 
reasons. Human embryonic stem cells are harder to grow than mouse embryonic stem 
cells. 

Back to top 

Inner cell mass 

A small group of cells attached to the wall of the blastocyst (the embryo at a very early 
stage of development that looks like a hollow ball). Embryonic stem ceils are made by 
isolating and culturing the ceils that make up the inner cell mass. In development it is 
the inner cell mass that will eventually give rise to all the organs and tissues of the future 
embryo and fetus, but do not give rise to the extra-embryonic tissues, such as the 
placenta. 

In vitro fertilization 

A procedure where an egg cell (the oocyte) and sperm cells are brought together in a 
dish (i.e. in vitro), so that a sperm cell can fertilize the egg. The resulting fertilized egg, 
called a zygote, will start dividing and after a several divisions, forms the embryo that 
can be implanted into the womb of a woman and give rise to pregnancy. 

Back to top 



Mesenchymal stem cell 

Also known as bone marrow stromal cells, mesenchymal stem cells are rare cells, 
mainly found in the bone marrow, that can give rise to a large number of tissue types 
such as bone, cartilage (the lining of joints), fat tissue, and connective tissue (tissue that 
is in between organs and structures in the body). 
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Mesoderm 

The middle of three germ layers that gives rise later in development to such tissues as 
muscle, bone, and blood. 

Morphology 

Study of the shape and visual appearance of cells, tissues and organs. 
Multipotent stem cells 

Stem cells whose progeny are of multiple differentiated cell types, but all within a 
particular tissue, organ, or physiological system. For example, blood-forming 
(hematopoietic) stem cells are single multipotent cells that can produce all cell types that 
are normal components of the blood. 

Back to top 

Neural stem cell 

A type of stem cell that resides in the brain, which can make new nerve cells (called 
neurons) and other cells that support nerve cells (called glia). In the adult, neural stem 
cells can be found in very specific and very small areas of the brain where replacement 
of nerve cells is seen. 

Nucleus 

A part of the cell, situated more or less in the middle of the cell, that is surrounded by a 
specialized membrane and contains the DNA of the cell. This DNA is packaged into 
structures called chromosomes, which is the genetic, inherited material of cells. 

Back to top 

Oligopotent progenitor cells 

Progenitor cells that can produce more than one type of mature cell. An example is the 
myeloid progenitor cell which can give rise to mature blood cells, including blood 
granulocytes, monocytes, red blood cells, platelets, basophiles, eosinophiles and 
dendritic cells, but not T lymphocytes, B lymphocytes, or natural killer cells. 

Back to top 

Parthenogenesis 

A form of reproduction where an egg develops without the fusion of sperm with the egg 
cell. Parthenogenesis occurs commonly among insects and other arthropods. Artificially 
inducing parthenogenesis with human eggs may be a means to isolate stem cells from 
an embryo, without fertilization. 

Plasticity 

A phenomenon used to describe a cell that is capable of becoming a specialized cell 
type of different tissue. For example, when the same stem cell can make both new blood 
cells and new muscle cells. 

Phenotype 

The description of the characteristics of a cell, a tissue or an animal; as black and white 
fur of a mouse are two phenotypes that can be found. The phenotype is determined by 
the genes (or the genotype) and by the environment. For example, short stature is a 
phenotype that can be genetically determined (and therefore inherited from the parents), 
but can also be caused by malnourishment during childhood (and therefore be caused 
by the environment). 

Pluripotent stem cells 

Stem cells that can become all the cell types that are found in an implanted embryo, 
fetus, or developed organism, but not embryonic components of the trophoblast and 
placenta (these are usually called extra-embryonic). 



Post-implantation embryo 

Implanted embryos in the early stages of development until the establishment of the 
body plan of a developed organism with identifiable tissues and organs. 
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Pre-implantation embryos 

Fertilized eggs (zygotes) and all of the developmental stages up to, but not beyond, the 
blastocyst stage. 

Progenitor cell 

A progenitor cell, often confused with stem cell, is an early descendant of a stem cell 
that can only differentiate, but it cannot renew itself anymore. In contrast a stem cell can 
renew itself (make more stem cells by cell division) or it can differentiate (divide and with 
each cell division evolve more and more into different types of cells). A progenitor cell is 
often more limited in the kinds of cells it can become than a stem cell. In scientific terms, 
it is said that progenitor cells are more differentiated than stem cells. 

Back to top 

Regenerative medicine 

Medical interventions that aim to repair damaged organs, most often by using stem cells 
to replace cells and tissues damaged by aging and by disease. 

Reproductive cloning 

Somatic cell nuclear transfer used for the production of a fetus and delivery of a live 
offspring that is genetically identical the donor of the somatic cell DNA. 

Also see entries for Cloning and Therapeutic cloning. 

Back to top 

Somatic cells 

All the cells within the developing or developed organism with the exception of germline 
(egg and sperm) cells. 

Somatic cell nuclear transfer 

A technique in which the nucleus of a somatic cell (any cell of the body except sperm 
cells and egg cells) is injected, or transfered, into an egg, that has had its nucleus 
removed. If the new egg is then implanted into the womb of an animal, an individual will 
be bom that is a clone. The done has the identical genetic material as the somatic cell, 
which supplied the nucleus that carries the genetic material. This procedure is very 
inefficient and was first developed for agricultural purposes. However, in human 
medicine, this technique can be used to isolate embryonic stem cells from eggs that 
have undergone nuclear transfer. When the somatic cell is supplied from the cells of a 
person, the stem cells isolated from the developing eggs can be used to make a tissue 
that will not be rejected by that person, because they have the same genetic material. In 
this way, 'customized' embryonic stem cells could be made for everyone who needed 
them. 

Stem cells 

Cells that have both the capacity to self-renew (make more stem cells by cell division) 
as well as to differentiate into mature, specialized ceils. 

Back to top 

Therapeutic cloning 

Somatic cell nuclear transfer for the isolation of embryonic stem cells. The embryonic 
stem cells are derived from the blastocyst (before it becomes a fetus) and can be 
instructed to form particular cell types (e.g. heart muscle) to be implanted into damaged 
tissue (e.g. heart) to restore its function. If the stem cells are placed back into the 
individual who gave the DNA for the somatic cell nuclear transfer, the embryonic stem 
cells and their derivatives are genetically identical and thus immunocompatible (they will 
not be rejected). 



Also see entries for Cloning and Reproductive cloning. 
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Totipotent stem cells 

Stem cells that can give rise to all cell types that are found in an embryo, fetus, or 
developed organism, including the embryonic components of the trophoblast and 
placenta required to support development and birth. The zygote and the cells at the very 
early stages following fertilization (i.e., the 2-cell stage) are considered totipotent. 

Transdifferentiation 

The ability of a particular cell of one tissue, organ or system, including stem or 
progenitor cells, to differentiate into a cell type characteristic of another tissue, organ, or 
system; e.g., blood stem cells changing to liver cells. 

Transplantation biology 

The science that studies the transplantation of organs and cells. Transplantation 
biologists investigate scientific questions to understand why foreign tissues and organs 
are rejected, the way transplanted organs function in the recipient, how this function can 
be maintained or improved, and how the organ to be transplanted should be handled to 
obtain optimal results. 

Trophoblast 

The tissue of the developing embryo responsible for implantation and formation of the 
placenta, in contrast to embryonic stem cells, the trophoblast does not come from the 
inner cell mass, but from cells surrounding it 
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Umbilical cord stem cells 

Hematopoietic stem cells are present in the blood of the umbilical cord during and 
shortly after delivery. These stem cells are in the blood at the time of delivery, because 
they move from the liver, where blood-formation takes place during fetal life, to the bone 
marrow, where blood is made after birth. Umbilical cord stem cells are similar to stem 
cells that reside in bone marrow, and can be used for the treatment of leukemia, and 
other diseases of the blood. Efforts are now being undertaken to collect these cells and 
store them in freezers for later use. However, one problem is that there may not be 
enough umbilical cord stem cells in any one sample to transplant into an adult. 

Unipotent stem cells 

Stem cells that self-renew as well as give rise to a single mature cell type; e.g., 
spermatogenic stem cells. 
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Zygote 

The cell that results from the union of sperm and egg during fertilization. Cell division 
begins after the zygote forms. 
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